The explanation of the apparent velocity of recession of distant nebulae proposed in this paper is in qualitative accordance with all of the observational facts known so far. It is therefore desirable, in the first place, to place the computations on a sound theoretical basis involving the general theory of relativity. In the second place, the transfer of momentum from the light to the surrounding masses should be determined taking into account all of the mutual gravitational interactions. Thirdly, it is evident that the proper motions of these masses will play some r6le. Shifts Introduction.-The discovery and resolution in certain of the atomic lines of Bi, Cs, and Tl, of a fine structure1'2'3 much smaller than that ordinarily attributed to the electron spin has led to the notion that the nucleus of an atom may be possessed of a spin moment which is capable of interacting with the outer electrons. The order of magnitude of this interaction is very small, as the magnetic moment associated with the nuclear spin is much smaller than the corresponding moment associated with the electron spin. Very recently a paper has appeared by Hargreaves4 in which the consequences of this picture are worked out in detail for the particular case of a single electron in the Coulomb field of a nucleus which is also possessed of a spin moment 1/2(h/2wr). The method used is that of Pauli with multiple wave functions, the effect-of the nuclear spin being regarded as a small perturbation of the multiplet states which are due to the electron spin. As this method requires the use of (2i + 1) (2f) simultaneous wave functions, where i is the nuclear spin quantum number and f is the number of electrons, the computational difficulties are prohibitive for an arbitrary value of i, even for the case of a single electron. However, by the use of previously known expressions for the coordinate matrices it is possible to give intensity formulae applicable in the general case, provided one makes suitable assumptions regarding the type of quantization introduced by the nuclear spin.
Notation.-We shall use a notation which in the main is designed to be in accord with that suggested for atomic spectra.5 All angular momenta are measured in units h/27r. The resultant electronic orbital angular momentum will be designated by L, the resultant spin by S and the total angular momentum (vector resultant of L and S) by J. The nuclear spin will be designated by i, whose value will be left indeterminate except as may be specified in certain sections of this paper. In an external magnetic field strong enough to overpower the interactions between i and the rest of the atom, the vectors i and J are quantized independently with respect to the axis of the external field, their projections on this axis being measured by the usual quantum numbers Mi and M.
Theory.-We start with our unperturbed system as an atom in a magnetic field sufficiently strong to overpower the interaction of i with the electronic structure, but which is still so small that it does not produce Zeeman patterns of appreciable magnitude compared to the J multiplets. We have, then, the system of quantization mentioned above in which the multiplets are characterized by the quantum numbers (L, S, J, i, Mi, M).
To get the system of quantization which is applicable in the absence of the magnetic field, one should know the form of the perturbative Hamiltonian between the nuclear spin and the outer electrons. Hargreaves neglects the interaction energy between the nuclear and electron spins, and finds that the remaining coupling terms are approximately given by the usual "cosine" law between i and L. The neglect of the interactions between the two types of spin does not seem to the present writer to be any too justifiable, as according to the usual notions of the nature of spins, the coupling between the spin of one electron and the orbital angular momentum of a second is of the same order of magnitude as the coupling between the spins.6 A similar result might be expected to obtain in Dirac's relativistic theory of the spin, but this is only a guess.
This question is, however, a matter of secondary importance for most purposes of this paper, as in any case it seems quite reasonable to suppose that if we include only terms in the perturbative Hamiltonian which do not disappear on averaging over the precession around J (i.e., keep only elements diagonal in J), then the interaction will be such that in the absence of an external field the vectors i and J will be quantized to a re-sultant. f, such that7f = J -i J -i + 1,.. .,J + i. This is the type of quantization which would result from assuming any "cosine" law whether between i and L alone as is done by Hargreaves, or between i and L and also between i and 5, even with different coupling constants; it is, in fact, the usual method of coupling vectors and has already been used by Back and Goudsmit' and by Jackson2 in discussing their experimental results.
The projection of f on an external axis, which we may identify with the axis of the magnetic field, is also quantized with the quantum number Mf, where I Mf _ f. This quantum number is of course an invariant between the zero and strong field types of quantization discussed above, and has the value Mf = Mi + M.
Intensities in Strong. Fields.-The intensity relations in case i and J precess independently about the external axis are precisely the same as those which are applicable when the nuclear spin is left out of account, and have been given by Kronig8 and others.9
Intensities in Zero Fields.-The intensity formulae in zero fields can be readily obtained from those previously obtained by Kronig.A To do this we have only to note that according to our assumption as to the type of quantization which is applicable, the coupling of J and i to give f is quite the same as that of L and S to the resultant J. Or, in Kronig's notation, we see that S, L, J on the one hand and i, J, f on the other should enter in the formulae in an analogous manner to his R, K, J (which are 1/2 unit higher than our quantum numbers, as Kronig used the old Lande notation). Thus in Kronig's formulae we have only to introduce another factor of the form of his F's in order to take care of the precession aboutf. This procedure does not assure one that the formulae so obtained will satisfy the principle of spectroscopic stability as they must in order to be in accord with the new quantum mechanics.10 If we take | q(n;n') 2 = x(n;n') 12 + I y(n;n') 12 + z(n;n') 12, so that q(n;n') 2 is proportional to the total intensity radiated in the transition n -n', the principle of spectroscopic stability shows that an expression such as
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In the present case this is simply the requirement that the total intensity radiated in a given transition (a, L, J) -W (a', L', I') shall remain unchanged by the introduction of the nuclear spin, except, of course, for the appearance of the new a-priori probability factor (2i + 1). VOL. 15, 1929 PHYSICS: E. L. HILL
The following expressions will be found to satisfy these requirements. As their application is of importance only in case the external field is zero, we shall give them already summed over the Zeeman components asso- D(L; L + 1) is a constant which is proportional to the total intensity radiated in the transition (a,L) -(a', L + 1), where a and a' are the electronic quantum numbers associated with the initial and final states. We do not write a and a' in the elements of D and q as should be done for completeness, but their presence is naturally to be implied throughout.
The intensities for a transition in which AL = -1 can be obtained from the above by using the Hermitian property; i.e., q(L,Jf;L',J',f') 12
These expressions have the general property that the total intensity radiated in a transition (L,Jf) -(L',J') is proportional to (2f + 1), and similarly the total intensity radiated in a transition (L,J) > (L') is proportional to (2J + 1). Also as the state f = 0 can only exist when J = i, it can easily be verified that there is no intensity radiated in a transition for which f = 0 -> f = 0.
As a check on these formulae, we first compare them with the results of Hargreaves4 for the special case i = 1/2, S = '/2, as embodied in his figure 3. If we choose our undetermined constant D(L; L + 1) such that it is l/4for L = 0 -L = +1, and is 2 forL= 1 L = 2, our results are identical with his.
A more interesting thing is to try these formulae on the line )4722 A of Bi for which i = 9/2, S = 1/2, as measured by Back and Goudsmit.'
Referring to the table of intensities given with their figure 2, and normal-PHYSICS: E. L. HILL vow. 15, 1929 izing the results so that the component X4722.333 has intensity 10, our formulae predict the relative intensities (5.4; 5.1; 3.4)(1.8; 5.1; 10) where Back and Goudsmit give as experimental values (8; 7; 4)(1; 8; 10). The writer does not know whether the discrepancies between these values would lie outside the probable error in the experimental intensities.
It may be noted that there is a certain formal similarity between the calculation of this paper and that of Houston"' on coupling in two electron systems. The spin field of his s electron gives an effect similar to that which we have assumed for the nucleus.
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